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Lizards perform several distinct types of lingual protrusions, including tongue-flicks directed to environmental substrates, tongue-flicks passing through the air, but not contacting a substrate (e.g., Burghardt et al., 1986), and short extensions directed to the individual's own labial scales. Tongue-flicking, i.e., outward protrusion of the tongue directed at a substrate or into the air, is a primary method of sampling environmental chemicals for transfer to the vomeronasal organ for sensory analysis (Gillingham and Clark, 1981; Young, 1990 Young, , 1993 ; reviewed by Halpern, 1992). In labial-licking the tongue contacts only the anterior and lateral labial scales and adjacent surfaces surrounding the mouth. The tongue is neither swept through a volume of air nor brought into contact with a substrate beyond the lizard's body. Instead, the ventral tip and other portions of the tongue are rubbed on the labials.
To examine the possible relationship between labial-licking and chemical cues and to detect possible differences in timing of and relative frequencies of labial-licks and tongue-flicks in response to chemical cues, we studied the lingual responses of the leopard gecko (Eublepharis macularius) to prey chemicals and an odorless control substance presented on cotton swabs rubbed on the oral epithelium. When presented prey chemicals on cotton swabs held anterior to their snouts in an earlier study, leopard geckos performed labial-licks and tongue-flicks; after directing tongue-flicks to the swabs, they frequently bit them (Cooper, 1996 Lingual responses of each lizard were observed after two stimulus presentations in which the cotton tip of an applicator bearing distilled water or distilled water and prey surface chemicals was inserted into the lizard's mouth. The distilled water stimulus, an odorless control for effects of the experimental procedures on lingual protrusion, was prepared by dipping the cotton tip of a 15 cm wooden applicator into distilled water. The cricket stimulus was prepared by pressing the cotton tip of an applicator wetted as above directly against the body of a live cricket and rolling it repeatedly over the cricket's integument. A fresh swab was prepared prior to each trial.
To start a trial, the investigator slowly approached the terrarium, partially removed the lid of the terrarium, and gently grasped the lizard. The swab was then pressed against the lateral labials and sometimes the anterior labials to induce opening. Then, the swab was rolled across the palate, presumably resulting in transfer to the vomeronasal organs (Graves and Halpern, 1989), and was then removed from view. The lizard was gently released in its cage and immediately the number of tongue-flicks and labial licks were counted in one minute intervals for five consecutive minutes.
Responses of lizards were tested in a randomized block design with sequence of stimulus presentation counterbalanced. Parametric analysis was precluded by nonnormality of the distributions of lingual protrusions. Nonparametric techniques of analysis of variance are inappropriate for a condition x time design. As a compromise, Wilcoxon signed-ranks matched-pairs tests were used to analyze differences between control and experimental conditions and between behaviors (Hollander and Wolfe, 1973). Because tests were conducted separately for each of five minutes, significance levels were adjusted downward from the usual P < 0.05. Using the Bonferroni adjustment, P < 0.01 (two-tailed) was required for significance (Wright, 1992).
Many labial-licks occurred immediately in the cricket condition after the prey chemicals had contacted the labials and the oral epithelium, but rates of labial-licking decreased rapidly to a minimum in the third minute and remained at low levels during the final two minutes (Fig. 1) . The difference in labiallicks (Fig. 1) between the cricket and the control conditions was significant during minute 1 (T = 7.5, N = 14, P < 0.005). Differences in the remaining minutes were not significant (minute 2, T = 38.5, N = 15, P > 0.10; minute 3, T = 13.5, N = 9, P > 0.10; minute 4, Relatively few tongue-flicks occurred in the first two minutes of the cricket condition, but tongue-flicks increased to a peak in the cricket condition during minute three and decreased thereafter (Fig. 2) . The difference in tongue-flicks (Fig. 2) between the cricket and the control condition was significant during minute 3 (T = 12, N = 14, P < 0.01), but the differences were not significant in the remaining minutes (minute 1, T = 50, N = 13, P > 0.10; minute 2, T = 44.5, N = 13, P > 0.10; minute 4, T = 63, N = 16, P > 0.10; minute 5, T = 24, N = 12, P > 0.10).
The difference in combined tongue-flicks and labial-licks (Fig. 3) 
